Purpose: One of the most important long-term side effects of therapy for rheumatoid arthritis (RA) is the elevation of liver function tests, with earlier studies reporting an elevation of more than 1× the upper limit of normal (.1 × ULN). The current study expands the literature by comparing the trends of transaminase changes caused by conventional and biologic diseasemodifying antirheumatic drugs (DMARDs).
Introduction
Methotrexate (MTX) intervention, as a single-drug treatment or combined with other conventional disease-modifying antirheumatic drugs (cDMARDs), is known as a firstline strategy for patients with newly diagnosed and established rheumatoid arthritis (RA).
1,2 When patients do not respond appropriately to cDMARDs, biologic DMARDs (bDMARDs) are added to standard treatment. 1, 2 If treatment is effective, these drugs are administered to patients for many years -a situation that highlights the essentiality of providing information on long-term safety. One of the most important side effects of RA therapy is the elevation of transaminase levels. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] Previous studies reported an submit your manuscript | www.dovepress.com
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akhlaghi et al elevation of liver function tests (LFTs) greater than 1× the upper limit of normal (.1 × ULN). 6, 9, 10 The current study compared the trends of transaminase changes caused by MTX and its combination with infliximab/ etanercept (INF/ETA). To this end, it was important to take into account the best form of outcomes (qualitative or quantitative) so that a definitive decision can be taken in the shortest possible follow-up duration. When the incidence of elevated liver enzymes in two or more therapeutic groups is compared, an increase in liver enzyme concentration may be observed, but not so much that it can be detected with respect to existing cutoffs. This issue is relevant, especially if follow-up duration is short; such increase may be corrected once it is detected, and drug dosage may be modified or new drugs may be incorporated into treatment. In these conditions, increases in one of the outcomes may be undetected when the categorical form of outcomes is considered. In cases characterized by short follow-up and small sample sizes, discrepancies may be identified through investigations into the quantitative trend of outcomes.
Patients and methods
Patient population and inclusion criteria
In this cohort study, analyses were directed toward patients with physician-diagnosed RA based on 1987 American College of Rheumatology Classification Criteria and were referred for treatment at the Rheumatic Diseases Research Center in Mashhad, Iran from October 2008 to March 2016. This study was approved by the ethical committee of School of Public Health, Tehran University of Medical Sciences from Iran (approval no IR.TUMS.SPH.REC.1395.777) and complied with the requirements of the Helsinki Declaration. Written informed consent to participate in the study was obtained from all participants.
A total of 512 RA patients with 3.06±1.56 visits to the research center per year were recruited. All the patients received at least 6 months of MTX treatment with varying doses (10-25 mg per week). The conventional treatment for 62 patients was supplemented with INF/ETA because of inadequate response (disease activity score 28 more than 2.5 or the occurrence of laboratory or gastrointestinal complications, after at least 6 months of treatment with MTX or an increased dose of it) to the initial intervention. Among the subjects, 26 were administered MTX + INF, and 36 were prescribed MTX + ETA. All other patients receiving bDMARDs other than INF and ETA were excluded from the analyses. Dose of INF was 3 mg/kg based on standard protocol, and dose of ETA was 50 mg per week. Indeed according to the guidelines for prescribing MTX and biologic agents, hepatitis profiles were checked and patients with current or past viral hepatitis history were excluded from the study.
Drug exposure definitions and models
Drug categories included individual MTX (EBEWE, Unterach, Austria) and all other nonbiologic DMARDs, such as sulfasalazine (SSZ [Mehr Darou, Tehran, Iran]) and hydroxychloroquine (HCQ [Rouz Darou, Tehran, Iran]). As previously stated, where the patients exhibited inadequate response to MTX, INF/ETA were added to the treatment regimen. We compared the trend of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) changes in the RA patients receiving MTX with the trend observed among the patients whose treatment was supplemented with INF (Janssen, Leiden, the Netherlands) or ETA (Pfizer, Berlin, Germany).
Outcomes
The study outcomes of interest were ALT and AST levels, which were evaluated at least two times a year. The ULN cutoffs for ALT and AST concentrations were 41 and 37 U/L and 31 and 31 U/L for males and females, respectively. An ALT and/or AST .1 × ULN was defined as reflecting an elevation in LFT, .2 × ULN was regarded as indicating abnormality, and .5 × ULN was considered indicative of hepatotoxicity. 17 ALT and AST levels were analyzed using a Pars Azmun kit (Pars Azmun, Iran) according to the manufacturer's instructions.
statistical methods
Quantitative variables were described as mean ± SD or median (IQR), and qualitative variables were described in counts and percentages. A chi-squared test was conducted to compare the sex, employment, and rheumatoid factors (RFs) of the MTX, MTX + INF and MTX + ETA groups. Age and disease duration across the groups were compared using analysis of variance and Kruskal-Wallis tests, respectively. Incidence proportions both in terms of visit and period level were presented. All patients experienced MTX treatment period. Sixty-two patients, who did not adequately respond to MTX, experienced MTX + INF or MTX + ETA treatment period too. Incidence rates per 100 person-years were calculated for AST and ALT elevation in each of the treatment groups. The longitudinal effects of drug exposure on ALT and AST were determined via a test of interaction between time and treatment in random intercept models. 18, 19 The R3.3.3 package lme4 was used to examine mixed effects model, 20, 21 Therapeutics and Clinical Risk Management 2018:14 submit your manuscript | www.dovepress.com
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Effect of biologic DMARDs on liver function tests and P-values were calculated using a likelihood ratio test. Graphs were smoothed via a moving average. Table 1 shows the demographic and clinical characteristic of the 512 patients. As indicated by the baseline data, mean age was 47.75±13.90 years, and 431 (85.2%) of the patients were women. Among all the patients, 392 (77.6%) were housekeepers, 78 (15.4%) were office employees, and 35 (6.9%) had other types of employment. Additionally, 438 (85.5%) and 396 (77.3%) were positive for RFs and anticyclic citrullinated peptid (anti-CCP), respectively. The median (IQR) follow-up per person was 12 (26.75) months.
Results
The chi-squared test showed that the distributions of sex, employment, positive RF, and anti-CCP were nonsignificantly different across the groups (P=0.561, P=0.461, P=0.852, P=0.631, respectively). Age and duration of follow-up did not significantly differ among the three groups (P=0.768 and P=0.662, respectively). The linear mixed effects models showed that changes in the mean MTX doses were significantly different over the time for MTX and MTX + INF/ETA groups (P,0.001) but that no significant changes in HCQ and SSZ were found across the groups (P=0.368 and P=0.848, respectively).
Out of the 1,786 visits during which AST and/or ALT levels were measured, 1,543 were related to MTX and 243 were associated with bDMARDs (107 for MTX + INF, 136 for MTX + ETA) ( Table 2 (Table 3 ). LFT elevations .5 × ULN were observed in 2 (0.4%) patients treated with MTX.
The crude model indicated that the mean difference in ALT levels between the onset of INF/ETA treatment and the onset of MTX therapy was 4.627 U/L, which then decreased to 0.091 U/L after 3 years of bDMARDs treatment ( Table 4 ). The mean difference in AST levels between the beginning of INF/ETA intervention and the onset of MTX treatment was 1.428 U/L, which decreased to -0.444 U/L after 3 years. The crude model also showed that changes in the mean ALT levels were significantly different over the time for MTX and MTX + INF/ETA groups (P=0.027) but changes in the mean AST levels were nonsignificantly different over the time for such groups (P=0.105). In the MTX dose-adjusted model, the mean difference in ALT levels between the onset of INF/ETA treatment and the onset of MTX intervention was 4.573 U/L, which decreased to -2.270 U/L after 3 years. Furthermore, the mean difference in AST levels at the onset Table 5 shows that changes in the mean ALT levels were the only significant difference over the time for MTX and MTX + ETA groups. (P=0.018). Mean response profiles of AST were not significantly different for MTX and MTX + ETA groups, and this is true for the mean response profiles of ALT and AST in MTX and MTX + INF groups (P=0.230, P=0.866, and P=0.248, respectively). The incidence of liver enzyme elevations .1 × ULN was compared in the studied groups. Despite the decreasing trend of elevated liver enzymes at the time of INF/ETA addition, the interaction term between time and groups (MTX vs MTX+ INF/ETA) was nonsignificant.
In all the models, random intercept terms were statistically significant, indicating that linear mixed effects models were suitable for our data.
Discussion
Despite the advances achieved in drug production for RA patients, the long-term complications and safety of bDMARDs and their combination with cDMARDs remain controversial issues. Research on these matters can help physicians prescribe medications in monotherapy or in combination therapy in accordance with patients' conditions. In this study, we compared the safety of INF/ETA and MTX on the basis of an appropriate sample size and follow-up duration. The main results indicated that despite the high incidence of elevated liver enzymes during the use of MTX + INF/ETA, the trend decreased after the addition of the drugs to patients' treatment.
Comparison of trends of liver enzyme concentration
A trend of increasing liver enzyme concentrations was observed in this study because of the use of MTX, which may lead to liver toxicity and serious complications in long-term use (Figures 1 and 2) . A decline in hepatic enzyme concentrations was also observed following the addition of INF/ETA to MTX (Figures 1 and 2) . In both the crude and MTX doseadjusted models, MTX + INF/ETA had a significant effect on ALT levels but not on AST levels. In these adjusted models, the mean values of ALT (2.27 U/L) and AST (1.633 U/L) were lower 3 years after the initiation of INF/ETA treatment than at the onset of such intervention.
The increasing trend of liver enzyme concentrations in conventional RA treatment has been documented and agreed in previous studies. For example, in a systematic review that was intended to examine the long-term safety of MTX monotherapy in RA patients, low-dose MTX treatment over 55 months resulted in 20% of the patients experiencing an elevation in transaminases, 13% experiencing a transaminase 
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Effect of biologic DMARDs on liver function tests increase of more than twice the ULN, and 3.7% discontinuing MTX due to liver toxicity. 4 The results of the present research align with those of several other studies that found the combination of cDMARDs and bDMARDs in RA treatment to result in an increase in the efficacy and safety of the drugs. 3, 15, [22] [23] [24] [25] [26] A study on the safety of cDMARDs and bDMARDs showed that the side effects of RA monotherapy are nonsignificantly different, whereas the combination of cDMARDs and bDMARDs, compared with the use of cDMARDs alone, presents a lower risk of drug discontinuation because of side effects (HR =0.24; 95% CI =0.09-0.6).
3 In another review of RA patients, bDMARDs were found to be exactly equivalent to a concomitant treatment involving MTX and bDMARDs, albeit this claim has not been verified. 27 In a review intended to evaluate the safety and efficacy of ETA and INF on RA patients, the researchers reported that elevated liver enzymes during treatment with ETA decrease to levels lower than those observed under MTX treatment. In addition, the side effects of INF nonsignificantly differ from those of MTX. 28 Another review article on the safety of bDMARDs found abnormal LFTs and rare hepatotoxicity under treatment with tumor necrosis factor (TNF) inhibitors. 7 A prospective cohort study that assessed the risk of elevated liver enzymes revealed that the rates of liver enzyme increase that were greater than 1 × ULN per visit were 4.9% for anti-TNF, 4.8% for ETA, and 6.7% for INF. Abnormalities of more than 2 × ULN occurred at a rate of 0.6% for ETA and at a rate of 0.9% for INF. 17 The odds of observing elevated liver enzymes in the group that involved the concomitant use of traditional drugs and bDMARDs compared with the group treated with only bDMARDs were 1.00 (95% CI =0.83-1.21) for ETA and 1.58 (95% CI =1.35-1.86) for INF. 17 These contradictions are attributed to the three fundamental differences in the design of Sokolove et al's 17 study and our work. First, our study quantitatively analyzed ALT and AST concentrations, driving us to make decisions about the effectiveness of bDMARDs in a shorter time frame. In the study of Sokolove et al, the incidence of elevated liver enzymes was compared in therapeutic groups. 17 Given the low incidence rate of these events, a study should be long enough to enable definitive decisions on the effects of bDMARDs. A longer study will 29 Second, an independent bDMARDsreceiving group was not included in our work, thereby leading to regression-to-the-mean bias. Third, in the study of Sokolove et al, the patients were censored after their first LFT elevation, 17 and the authors disregarded recurrent LFT elevations. In this case, the incidence rate of LFT elevation may have been underestimated.
Comparison of incidence proportions and incidence rates of elevated liver enzyme concentration Table 2 shows that the incidence proportion of elevated transaminases .1 × ULN for MTX, MTX + INF, MTX + ETA were 19.1%, 14.2%, and 23.5%, respectively. The reported events in total indicated that the initiation of treatment with INF/ETA increased liver enzyme concentrations. Approximately 32.4% of the patients at the time of MTX intervention and 34.7% of the patients at the time of MTX + INF/ETA intervention experienced at least one event of transaminase increase to levels .1 × ULN (Table 3) . Furthermore, considering each person's follow-up time, the incidence rates of liver enzyme elevations .1 × ULN at the period of MTX, MTX + INF, and MTX + ETA interventions were 37.2, 28.4, and 39.8 in 100 patient-years, respectively.
A study that evaluated the safety of bDMARDs in RA patients demonstrated that increased liver enzymes may occur 
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Effect of biologic DMARDs on liver function tests during treatment with bDMARDs; this effect is often mild to moderate, transient and without clinical symptoms, and is severe in less than 0.9% of patients (.5 × ULN). 10 In a prospective cohort study, the researchers assessed the effects of bDMARDs monotherapy and combined bDMARDs and cDMARDs on the basis of 22,522 visits with 6,861 patients. Increased liver enzyme concentrations following TNF inhibitor usage occurred in 5.9% of the visits. 17 In a historical cohort study, 949 cases of side effects occurred in 419 RA patients (32.8% side effects per 100 patient-years). The number of adverse reactions reported for INF, ETA, and MTX were 13.3, 17.6, and 6.6 in 100 patient-years, respectively. The most frequently reported side effects were those related to elevated transaminase and dysphagia. The results, which are incompatible with our findings, also indicated that RA treatments lead to side effects, especially in patients receiving bDMARDs. 9 The inconsistency of between our results and those of previous studies may be ascribed to the difference in follow-up periods. Additional contributors to this difference include the time at which liver enzyme concentrations were measured, drug doses, drug interactions, and the lack of regular follow-ups.
In the present study, we demonstrated that combination of MTX and INF/ETA reduces the levels of transaminases in RA patients. It has been shown that immune response in RA patients is associated with shift toward Th1 cytokines such as IFN-γ and TNF-α. 30 Studies have shown that MTX induces Th2 cytokine such as IL-10 and inhibits Th1 profile in RA patients. 31 It seems that suppression of Th1 cytokine by MTX + INF or MTX + ETA blocks macrophage activation thereby resulting in liver protection.
The limitations of the current research are worth noting. First, the patients may not have disclosed all the medications that they were taking. Nevertheless, the distributions of these drugs in the treatment groups were expected to be nonsignificantly different. Second, given that time-varying confounding variables were not measured, adjusting for the effects of these variables was not possible. 29 Third, a quantitative study on transaminase measurements was not available for comparisons. Avoiding regression-to-the-mean bias necessitates that a parallel group of patients who have been receiving bDMARDs for disease onset be included in analysis. Fourth, contrary to our expectations, previous longitudinal studies did not use the incidence rate index to describe data, thus preventing a clear comparison of our work with previous studies.
The rate of liver toxicity in this study was very low. With an increase in follow-up duration and sample size, especially with respect to bDMARDs intervention, outcomes such as liver toxicity can be evaluated and compared across therapeutic groups. We also suggest that liver enzyme concentrations be compared quantitatively in parallel groups to reduce regression-to-the-mean bias.
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